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Abstract 
The volume morphology of a gneiss sample K-8802 recovered from the deep of 8802 m of the Kola Superdeep Borehole and its 
surface homologue sample PL-36 have been studied by means of neutron radiography and tomography methods. The volumes 
and size distributions of a biotite-muscovite grains as well as grains orientation distribution have been obtained from 
experimental data. It was found that the average volumes of the biotite-muscovite grains in surface homologue sample is 
noticeably larger than the average volume of grains in the deep-seated gneiss sample K-8802. This drastically differences in 
grains volumes can be explained by the recrystallization processes in deep of the Kola Superdeep Borehole at high temperatures 
and high pressures. 
© 2015 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of Paul Scherrer Institut. 
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1. Introduction 
The Kola Superdeep Borehole (KSB) is one of the deepest borehole in the world. It was drilled on the northwest 
part of the Kola Peninsula (Russia) on the Baltic Shield and was reached a great depth of 12262 m [Fuchs (1990) 
and Kozlovsky (1987)]. The main aim of the Kola Borehole drilling was scientific investigations of a geophysics 
structure of the Earth crust; seismic discontinuities and the thermal regime in the Earth's crust; the physical and 
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chemical composition of the deep-seated rocks; lithospheric geophysics and methodology improving [Orlov 
(1998)]. It should be noted, that in additional to the main hole, three more holes were drilled down to ~ 11-12 km, 
which opens a possibility to construct a 3D model of the geological realms of the Baltic Shield [Kozlovsky (1987)]. 
The Kola Superdeep Borehole provides a great number of geophysical materials to verify hypotheses about the 
origins of the Earth’s crust. During the borehole drilling, the many samples of rocks were recovered from the 
borehole, they gives unique opportunities to study deep-seated rocks and physical processes in the Earth’s crust.  
The Kola Superdeep Borehole are penetrated through two sequence crust complexes: the metavolcanic Lower 
Proterozoic Complex in deep range 0–6842 m and deeply granitic–metamorphic Archean Complex, which reaches 
to deep down to around 35 km [Kozlovsky (1987)]. The most scientific interest for geologists and geophysics are 
the rock samples from the Archean Complex, which formed in the Archaean age greater than 2.5 billion years ago. 
Rocks recovered from so deep layers of the Earth’s crust are unique and rare materials and, recently, they were 
detailed studied by means of different experimental methods [Trþková (2002), Lobanov (2002), Ivankina (2005)].   
The rocks from Archaean complex consists of amphibolite minerals included a biotite-plagioclase ones and a 
high-alumina amphibolite gneisses [Turkina (2000)]. It should be noted, that rock extracted from the depths of 8–
11 km were effected by temperatures up to ~600 °C and pressures up to ~150 MPa [Zharikov (2003)].  The 
accurate data about mineral composition of deep-seated gneisses from Archean crust, the minerals grain density 
and bulk density values, porosity, compressive strength, axial, lateral and volumetric strains have been obtained 
recently [Orlov (1998)]. It was found, for example, that values of mineral density for amphibolite deep-seated 
gneisses and surface analogue samples are close to each other. Those results have been supported by the neutron 
diffraction texture experiments for biotite-plagioclase gneisses [Lobanov (2002) and Ivankina (2005)].
In our paper, we presents the pilot studies of a volume distribution of mineral grains and its space distribution in 
deep-seated gneisses by means of a neutron radiography and tomography [Anderson (2009)]. As sample, we 
chooses the biotite gneisses from the depth of 8802 m, which are represented the rock from Archean level crust in 
the Kola–Superdeep Borehole. The sample K-8802 consist of plagioclase (~59%), quartz (~26%), biotite (~7%) 
and muscovite (~5%) minerals [Kozlovsky (1987)]. We expects a good neutron radiography contrast between 
biotite-muscovite grains on a background of other minerals [Perfect (2014)]. In additional, we performed the 
neutron radiography experiments for the surface analogue sample Pl-36 [Lobanov (2002)], which corresponded of 
the above-mentioned deep-seated sample K-8802. It was assumed, that surface analogue sample is rock with 
similar composition and structure organization with the corresponded deep-seated Archean gneisses. The neutron 
radiography and tomography experiments could improve our knowledge about the nature and origins of a 
difference between corresponded properties of deep-seated rocks and its surface homologue sample [Vetrin 
(2001)]. 
2. Experimental section 
The neutron radiography and tomography experiments have been performed on experimental station [Kozlenko 
(2014)] placed on the 14th beamline of the high flux pulsed reactor IBR-2. The neutron flux at the experimental 
station is 5.5x106 n/cm2/s-1. The neutron radiography images with an average spatial image resolution of ~300 µm 
have been obtained by means of a CCD camera based detector system. In way to prepare tomographic 
measurements on the experimental station, the Hubert goniometer stages were used. The rotation step in 
experiments was 0.50 and total number of a neutron imaging files for tomography reconstruction was 360. The 
exposure time for a one projection was 10 s. 
The each of the images was corrected to the dark current data and incident neutron beam by means of the 
ImageJ software [Schneider (2012)]. The tomographic reconstruction was performed by an H-PITRE program 
[Chen (2012)]. The Avizo 8.1 software was used for the visualization and analysis of reconstructed 3D data. 
3. Results and discussion  
The reconstructed from neutron tomography data a 3D model of the sample K-8802 (Fig.1a), which was 
recovered from the deep of 8802 m of the Kola Superdeep Borehole, is shown in Fig.1b. The biotite-muskovite 
 S.E. Kichanov et al. /  Physics Procedia  69 ( 2015 )  537 – 541 539
grains inside gneisses are well distinguishable. These grains are irregular form platelets with thickness from ~0.2 to 
1.5 mm. The quartz layer are worse visible (Fig.1b). The average thickness of the quartz layer is ~3 mm. It is 
obviously, that biotite-muskovite grains arranges along some layers and forms so-called “foliation” plans. The 
foliation plans are the most important characteristics of structural reference that is typical for the petrophysical and 
geophysical researches. 
Fig. 1. The photography (a) and reconstructed 3D model (b) of deep-seated rock sample K-8802 from the Kola Superdeep Borehole. The red 
bubbles corresponds to biotite-muskovite grains, the orange volume is the quartz layer. (c) The extracted 3D model of biotite-muskovite grains 
distribution in the K-8802.  
The 3D model of biotite-muskovite grains distribution after volume imaging data separation are presented in 
Fig.1c. The grains volume distribution have been calculated from obtained imaging data (Fig. 2a). The equivalent 
radius distribution, like as the radius of a sphere with equivalent volume of observed grains, and the distribution of 
orientation angle discrepancy corresponding to the preferred orientation of grain elongation have been obtained 
(Fig 2b-c). The average size of biotite-muskovite grains is ~0.8 mm, and the grains volumes are concentrated in 
volume range 20-200 x106 µm3, but several larger clusters with size from 400 to 600 x106 µm3 and ~1100-1200 
x106 µm3 have been observed additionally (Fig.2a). The sharply distribution of angle discrepancy aligned with the 
main grain elongation direction are shown in Fig. 2c.   
Fig. 2. (a) The volume distribution of  biotite-muskovite grains in the sample K-8802. (b) The equivalent radius distribution of  biotite-
muskovite grains. (c) The distribution of an angle discrepancy in respect to the basic grain elongation orientation.  
Neutron tomography measurement with surface homologues sample PL-36 which are corresponded to the deep-
seated sample K-8802 have been done. The real photography and obtained 3D model of the PL-36 sample 
reconstructed from neutron tomography data are shown in Fig.3a and Fig.3b, respectively. The distinguishable 
interchanged quartz and plagioclase layers are visible well. The average thickness of quartz and plagioclase 
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foliation plane is similar and approximately equal to 2.4 mm. It should be noted, that layers tickness is comparable 
with obtained for corresponded quartz layer into the deep-seated sample K-8802.   
Fig. 3. The photography (a) and reconstructed 3D model (b) of the surface homologue sample PL-36. The green layers are quartz foliation 
plans. (c) The revealed  biotite-muskovite grains distribution in the PL-36 sample.
The revealed 3D model of space distribution of a biotite-muskovite grains in the PL-36 sample shown in Fig.3c. 
The average grains volume are larger by 10 times to compare with the K-8802. The additional recrystallization 
processes in the deep can explain the obtained difference between deep-seated sample and its surface homologue. 
Therefore, the high temperatures and high pressures can effects on the regional metamorphism of the Earth’s crust 
[Kozlovsky (1987)].  
4. Conclusions 
In our work the first attempt of an application of the neutron radiography and tomography methods to studies of 
an unique materials as deep-seated gneisses from the Kola Superdeep Borehole has been performed. The 3D 
volume imaging data of the biotite rock K-8802 from the Archean Complex and its surface homologue sample  
PL-36 has been obtained. The biotite-muscovite grains space characteristics like as size and volumes, as well as 
grain orientations distributions have been presented. The drastically differences in biotite-muscovite grains 
volumes between deep-seated sample and its surface homologue have been found.  
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